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INTRODUCTION 

The  studies  de.scribed  herein  ha\e  locused  on  HIV  variability,  in  particular  on  biologic 
and  antigenic  vanability  and  its  relc\ancc  for  pathogenesis  and  for  development  of  means 
for  immune  inlcrveniion.  During  the  third  year  of  the  grant  period  we  ha\  e  intensified 
studies  on  m.oiccular  variability  of  HIV- 1  and  attempted  to  molecularly  map  biologic  and 
antigenic  determinants.  Biologic  characterization  involved  tests  for  replicative  capacity, 
cytopathic  effect  and  monocyte  tropism  of  virus  isolates  and  molecular  clones,  whereas 
antigenic  characterization  involved  \  irus  neutralization  in  autologous  as  well  as  hetero¬ 
logous  system.  By  use  of  synthetic  peptides,  epitopes  for  virus  neutralization  and  anti¬ 
body  dependent  cellular  cytotoxicity  (ADCC)  have  been  mapped  in  the  envelope  of  HI  V- 
1  and  HIV-2.  Variable  region  3  ( V3)  of  the  HlV-1  envelope  has  been  studied  in  relation 
to  biological  and  antigenic  \  anation  of  HIV-1  isolates  and  in  relation  to  mothcr-to-child 
transmission  of  HI  V-1. 

Previous  studies  m  our  laboratory  ( 1,  2)  have  shown  that  naturally  occumng  H1V-] 
variants  ha\  c  distinct  biologic  features  that  correspond  to  the  se\  enty  of  HI  V-1  infection. 
Virus  from  asymptomatic  earners  or  individuals  with  mild  disease  has  been  shown  to 
rcpiicate  slowly  and  inefficiently  in  the  patients'  peripheral  blocxi  mononuclear  cell 
(PBMC)  cultures.  Attempts  to  passage  these  viruses  in  CD4  positive  cell  lines  usually 
failed  or  resulted  in  transient  replication  only.  In  contrast,  viruses  from  patients  w  ith 
sc\erc  immumxlclicicncy  replicated  rapidly  and  efficiently  in  PBMC  as  well  as  in  cell 
lines.  Hence  the  dc.signation  slow/low  and  rapid/high,  respecti\ ely.  These  tuo  groups 
of  \  iruses  can  also  be  distinguished  by  the  type  of  cytopathogenicity  exerted  in  PBMC 
(2).  Rapid/high  \  iruscs  are  characterized  by  c.xtcnsi\c  .syncytia  formation,  u  hcrcas 
sync\Ha  arc  rarely  seen  with  slow/low  \  iruscs.  Instead,  cultures  infected  with  slow/low 
Mruscs  show  signs  of  cell  death  or  no  cytopathic  changes  at  all.  These  results  ha\  c  been 
conlirmed  and  extended  by  several  laboratoncs  world  wide  (for  review  sec  3,  4,  5)  and 
indicate  that  the  biologic  charactcnstics  of  the  virus  seem  to  play  a  key  role  in 
pathogenesis. 

Primaiy  HIV  infection  is  accompanied  by  viremia  which  is  rapidly  cleared  concomittant 
to  scRK-onvcrsion  and  development  of  isolate  specific  neutralizing  antibcxlics  (6).  It 
seems  therefore  that  ncutrali/jng  antibcxlics  -  probably  in  conjunction  with  cellular 
immunity  -  play  a  crucial  role  in  clearing  the  initial  viremia.  The  question  arises  why  then 
V  irus  replication  continues  in  the  course  of  HIV  infection?  Is  the  virus  replicating  at  a 
later  stage  different  Irvvm  the  v  irus  replicating  early  during  HIV  infection?  If  so,  can  the 
immune  system  cope  with  the  new  variants?  To  approach  these  questions,  in  our  studies 


1 


D(Kumcnl  No.  DAMD17-89-Z-9()38 


we  ha\c  focused  on  the  role  of  neutralizing  antibcxlies  and  antibexlies  mediating  cellular 
cytotoxicity  reactions  (ADCC).  These  studies  provide  the  basis  for  our  attempts  to 
identify  critical  target  immunogens  for  vaccine  development. 

In  collaboration  with  Dr  G.  Biberfeld's  group  we  have  evaluated  different  forms  ol 
immune  interventions  in  HIV-2  (7)  and  SIVsm  infected  cynomolgus  macaque  monkevs 
(8).  It  was  demonstrated  that  infection  with  the  non-pathogenic  HIV-2  protects  against 
the  pathogenic  consequences  of  a  subsequent  SI  V>;m  infection  (9)  and  that  immunization 
with  inactivated  HIV-2  prevents  infection  with  homologous  \  irus  in  these  animals  ( 10). 
Use  of  the  macaque  model  for  vaccine  studies,  prompted  us  to  explore  autologous 
neutralizing  antibexJy  prcxluction,  both  in  the  pathogenic  SIV'sm  ^nd  the  non-pathogcnic 
HI  V-2  infection.  The  kinetics  of  neutralizing  antilxxiy  prcxluction  as  well  as  the  extent  of 
crcxss-reactivity  over  time  arc  key  questions  al.so  in  expenments  involv  mg  passive  tremsfer 
of  antibcxlies.  These  experiments  demevnstrated  that  transler  cvf  scrum  from  asvmptcvmatic 
SIVsm  infected  animals  cvr  from  animals  hypenmmuniz.ed  with  HlV-2  can  prevent 
infection  with  homolcvgous  virus  (II).  In  the  same  system  we  arc  currently  evaluating 
the  po.s.siblities  for  establishment  of  a  protective  immunity  by  immunization  with  synthetic 
peptides  representing  selected  regions  of  the  glycoproteins  of  HI  V-2  and  SIVsm.  In  the 
selection  of  peptides  for  use  m  these  studies  adv  antage  w  as  taken  of  the  kncnv  lcdgc  of 
important  immunoprcvtcctiv  c  domains  in  the  HI  V- 1  glycoproteins  including  the  Kxip 
structure  in  the  variable  region  3  ( V3)  region  of  the  viral  env  elope  ( V3-lcx')p''  (ef.  ref.  12). 

Furthermore,  to  elucidate  the  molecular  mechanisms  invcvlved  in  moiher-io-child 
transmi.ssion  ot  HIV- 1  vve  compared  V3  .sequences  from  ten  HIV- 1  infected  infants  to 
.sequences  from  the  corresponding  mothers.  In  cevntrast  to  the  highly  heterogenous  v  irus 
populations  of  the  mothers,  children  harboured  homogenous  v  irus  populations.  Ba.scd 
on  similar  findings  in  three  mother-child  pairs,  Wohnsky  ct  al.  ( 13)  have  recently 
suggested  that  one  single  genotype  is  selectively  transmitted  from  mother  to  child.  The 
marker  indicating  selection  was  an  N-linkcd  glycosylation  site,  immediately  amino 
terminal  to  the  V3  kxvp.  This  marker,  w  hile  present  in  the  mothers  but  missing  from  the 
children  in  Wolmsky's  matenal,  it  was  present  m  nine  of  ten  children  tested  in  our 
experiments.  These  studies  are  ungoing,  and  much  of  the  continuation  is  dc.scribcd  in 
our  new  grant  proposal. 

METHODOLOGY 

Biological  characterization  of  virus  isivlates:  1)  replication  m  T-lymphoid  and  momx’vtoid 
cell  lines.  First,  penpheral  bhxxl  mononuclear  cells  (PBMC)  are  infected  with  5- 20. (XX) 
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cpm  reverse  transcriptase  (RT)  acti\  ity  and  7-10  days  later,  when  cultures  are  RT 
positive,  1x10^  PBMC  are  ccKultivated  with  3x10^  cells  of  each  of  the  cell  lines,  Jurkat, 
Jurkat-tat,  U937  clone  2  ,  CEM  and/or  HUT-78  (2).  2)  Cytopathogenicity  is  scored  in 
PBMC  cultures  7-10  days  postinfection  (2).  3)  Replication  in  fresh  monocyte/macro- 
phage  cultures.  Moncx;ytc  cultures  are  prepared  by  seeding  2.5x10"^  PBMC  into  25cm- 
plastic  culture  llasks  in  RPMI  medium  supplemented  with  10%  heat-inactivated  pooled 
HlV-1  negative  human  serum  and  207c  fetal  calf  serum  (PCS).  After  5  days  at  37°C  the 
cultures  are  extensiv  cly  washed  with  PBS  to  remove  nonadherent  cells  and  maintained 
thcrcaltcr  in  RPMI  medium  w  ith  20%  PCS  ( 14).  Virus  replication  is  followed  by 
mcasunng  HlV-Ag  (p24)  ( 15)  and  RT  activity  (16)  in  culture  supernatants. 

Virus  neutralization  as.sav:  Virus  titrations  are  done  m  PBMC  according  to  the  methtxl 
described  b\'  McDougal  et  al.  (17)  and  mcxlified  by  Albert  et  al.  (6).  In  short,  virus 
aliquots  are  diluted  in  medium,  six  fivefold  dilution  steps  starting  with  a  1:5  dilution. 

Pirst,  75(0  of  each  \  irus  dilution  was  added  to  five  parallel  wells  of  a  round-bottom  96- 
well  culture  plate  (Nunc,  Roskilde,  Denmark)  and,  second,  1x10^  PHA-P  stimulated 
bkxxl  donor  PBMC  in  150  pi  medium  was  added  to  each  well.  The  culture  medium  is 
changed/platcs  w  ashed  on  each  of  the  following  3  days  and  on  day  7  a  100  pi  sample 
from  each  well  is  analyzed  in  an  in-house  HlV-Ag  ELISA  assay  (ref.  15  for  HlV-1  and 
ref  18  for  HI  V-2).  The  ID-50  is  defined  as  (he  reciprocal  of  the  \  irus  dilution  resulting 
in  50%  positiN  c  wells  (Reed-Muench  calculation). 

Neutralization  assays  are  run  simultaneou.sly  with  each  virus  titration  using  three  virus 
dilutions,  1:5,  1:25  and  1: 125,  for  each  scrum  dilution.  Pive  twofold  dilution  steps  of 
sera,  starting  w  ith  a  1: 10  dilution,  arc  added  in  tnplicatc  (75pi  each)  to  96-welI  culture 
plates.  Virus  (or  medium)  is  then  added  in  an  equal  volume  and  the  plate  incubated  for  1 
h  at  37'’C.  Subsequently,  lO^  PHA-P  stimulated  PBMC  in  75pl  arc  added  and  the  plate 
further  incubated  o\  ernight.  Subsequent  wa.shing  and  testing  as  above.  The  negati\c 
\  irus  controls  consist  of  tw  o  w  ells  w  iih  \  irus  but  no  cells  to  check  the  washing  prcKcdurc 
and  l  i\  c  w  ells  w  ith  cells  but  no  \  irus.  Sera  from  two  asymptomatic  homosexual  men 
w  iih  high-liter  neutralizing  anlibcxlics  against  HIV-Ijjjb  arc  u.sed  as  positive  serum 
controls.  All  sera  and  Mrus  isolates  obtained  from  one  patient  are  assayed  simultaneouly. 
The  neutralizing  tiler  of  a  scrum  is  estimated  at  virus  dilulion(s)  containing  10-50  ID-50 
and  defined  as  the  rccipr(x:al  of  the  highest  scrum  dilution  giving  a  complete  (or  80%) 
reduction  in  absorbance  value  in  the  HI  V-Ag  assay  as  compared  to  the  mean  -i-2SD  of 
five  negative  wells  containing  cells  only. 
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We  have  recently  looked  into  the  elTectn  e.  '  of  our  washing  prcKedures  to  remo\  c  anti¬ 
gag  antibcxlies  and  whether  an’i-gag  antibexius,  if  present,  would  interfere  w  ith  the 
ELISA  readout  of  the  neutralization  assay.  Details  of  these  e.xpenmenLs  will  be  de.scnbcd 
in  a  rr  nuscript  (Albert  et  al.  preliminarv’  manusenpt,  enclosed).  In  short,  neutralization 
assays  earned  out  by  testing  different  washing  prcx’cdures  in  parallel,  show  that  the 
presence  of  anti-gag  antibodies  in  the  neutralization  assay  proper  hav  e  no  inlluence  on  the 
neutralizing  titer  of  the  sera.  Anti-gag  antibcxlics  may  be  detectable  or  undetectable  at  the 
time  of  readout,  the  neutralizing  titers  are  the  same. 

ADCC:  the  test  was  performed  as  desenbed  previously  ( 19).  In  short,  U937  clone  2 
cells  chronically  infected  with  HIV-2SBL6669  "ere  used  as  target  cells.  PBMC  were 
denved  from  normal  healthy  donors  and  collected  by  density  centnfugation  on  Ficoll- 
Isopaque,  and  adherent  cells  removed  by  the  scrubbed  nylon  "cxvl  technique  (20).  ^^Cr- 
labeled  target  cells  ( IxlO^)  and  isolated  lymph(.x;yies  as  effector  ceils  (2x10^)  were 
mixed  with  scrum  dilutions.  Supernatant  was  harvested  after  3  hours  and  rclea.scd 
radioactiv  ity  was  calculated. 

Peptide  .synthesis.  The  peptides  were  .synthe.siz.cd  in  30-70  mg  quantities  b\  the  metluxl 
of  simultaneous  multiple-peptide  synthesis  (21)  and  were  cleav  ed  with  liquid  hyd- 
fluonde  in  a  24  vessel  apparatus  (22).  Their  composition  was  controlled  by  ammo  acid 
analysis  and  their  puritv  b\  high  performance  liquid  chromatograph)  characten/ation 
using  a  reverse  phase  Vydac  C4  column. 

Pcptidc-ELISA.  Peptides  dis.solvcd  in  0. 1  M  carbonalc-bicarbxsnate  buffer  pH  9.3  were 
added  to  microti  ter  plates  in  a  final  amount  of  1  ng/vvcll.  After  incubation  al  rwin 
temperature  ov  cr  night  the  plates  were  washed  with  PBS  and  then  bkx’kcd  for  one  hour  al 
rcxim  temperature  with  0.5'7  bov  ine  serum  albumin  in  PBS.  After  removal  of  bkx.'kmg 
buffer  the  test  was  run  as  prev  lousK  described  (23). 

Western  blottmiz  was  performed  as  prev  iously  desenbed  (24). 

DNA  preparation.  DNA  for  PCR  amplification  was  prepared  direcllv'  Irom  uncultured 
patient's  PBMC  (25)  and  from  v  irus  isolates  after  one  pas.sage  on  PBMC  from  health) 
bkxxl  donors  (26).  2-4x10^  PBMC  were  rc.suspcndcd  in  PCR  lysis  bulfcr  (lOmM  Tris- 
HCl  pH  8.3,  ImM  EDTA,  0.5"^  NP40,  0.5%  Tween  20  and  3(X)pg/ml  protcinase-K)  at 
a  concentration  of  l(P  cells/ KXlpI  buffer  and  digested  with  protcinasc-K  ov  ernight  at 
37°C.  The  prolcinasc-K  was  then  inaetivalcd  for  15  mm  at  94®C. 
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RNA  extraction  and  c-DNA  synthesis.  HI  V- 1  RNA  was  extracted  from  the  serum  as 
described  (27).  In  short,  oligo  (dT)25-coated  magnetic  beads  (25til;  Dynal  AS,  Norway) 
were  used  to  extract  viral  genomic  RNA  from  25^1  serum.  The  extracted  RNA  (20^1) 
was  immediately  reverse  transenbed  into  cDNA  using  the  primer  JA 12  (25),  which  is 
complementary  to  the  V3  region  of  the  gpl20  env  gene  of  HIV- 1.  The  reverse  tran¬ 
scription  mixture  (3()pl)  contained  50mM  Tris-HCl  pH  8.3,  8mM  MgC12,  30mM  KCl, 
lOmM  DTT,  1.7mM  of  each  deoxynucleotide  (Pharmacia,  Uppsala,  Sweden),  0.5  pM 
primer  JA  12,  3  units  MoMuLV  reverse  transcriptase  (Pharmacia)  and  16  units  RNA 
guard  (Pharmacia).  Rev  ersc  transenption  was  performed  for  1  hour  at  37°C.  Sera  I'rom 
bkxxl  donors  and  from  HIV-1  infected  patients  were  included  as  negative  and  positive 
controls,  respectively. 

Polymerase  chain  reactiivn.  DNA  ( lOpl)  or  cDNA  (5(.il)  samples  were  amplified  by  PCR 
with  nested  primers  specific  for  the  V3  (25,  26)  or  other  (28)  regions  of  the  gpl  2()  env 
gene.  Bncllv’,  the  samples  were  first  amplified  for  24  cycles  with  the  outer  primers,  then 
1/1(3  (5pl)  of  the  product  from  the  first  PCR  reaction  was  amplified  for  30  cycles  with  the 
inner  pnmers.  Negative  controls  were  included  in  each  run  and  consisted  of  lysis  buffer 
alone  and  samples  from  healthy  bkxxl  donors.  Positive  controls  consisted  of  HIV- 1 
infected  cells  diluted  in  uninfected  cells  to  contain  10  HIV-1  viral  DNA  copies. 

Clonim:.  The  PCR  pnxluct  amplified  by  the  inner  primers  was  purified  using  the 
QIAGEN  spin  20  column  (DIAGEN,  Diisseldorf,  Germany)  and  dissolved  in  2()nl  Tris- 
EDTA.  The  PCR  fragments  were  treated  with  Klenovv  fragment  of  DNA  polvmcra.se  I 
(Pharmacia)  as  well  as  T4  polynucleotide  kinase  (Pharmacia).  After  precipitation  with 
ammonium  acetate  approximately  1/10  of  purified  PCR  prcxluct  was  ligated  with  50ng 
Snuil  digested  pUC18  vector  (Pharmacia)  using  the  DNA  ligation  system  (Amersham, 
Buckinghamshire,  UK).  The  ligated  v  cctor  was  u.sed  to  tran.sform  the  competent  cell 
JM 105  ( Pharmacia)  by  treatment  at  42'’C  lor  90  sec.  Positive  colonies  were  picked, 
resuspended  in  lOpl  PCR-bulfcr  ( lOmM  Tris-HCL  pH  8.3,  50mM  KCl  and  0.01'vl; 
Tween)  and  treated  at  95°C  for  5  mm.  To  confirm  the  presence  of  the  insert  in  the 
plasmid,  amplification  with  pUC18  specific  pnmers  was  performed. 

DNA  scuucncina.  The  PCR  prcxluct  amplified  by  the  inner  prim.er  was  used  for  direct 
solid-phase  DNA  sequencing  as  described  (29,  26).  Bnefly,  a  further  amplification  step 
of  the  first  PCR  prcxluct  (diluted  1/I(X))  was  pcrlormcxi  with  the  primers  RJT124  and 
R1T128.  The  amplified  prcxluct  was  then  purified  by  immobilisation  on  magnetic  beads 
(Dynabeads  M280-Streptav  idin,  Dynal  AS)  and  sub.sequently  denaturcxl  to  obtain  single- 
stranded  DNA.  Ruorcscent  pnmers  (RIT 129  or  R1T43;  Universal  Froward  Pnmer 
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[Pharmaci;'.)  for  the  clones)  were  used  for  the  sequencing  reaction  of  both  DNA  s  rands; 
the  prod'  was  then  loaded  on  a  6%  polyacry  lamide  gel  in  an  automated  laser 
nuorescciu  (A.L.F.)  sequencing  apparatus  (Pharmacia  LKB  Biotechnology  AB, 

Uppsala,  Sweden).  Each  sample  was  sequenced  tw.ee.  Computer  analysis  was 
performed  with  the  program  "Treealign"  (30). 

RESULTS 

Biological  properties  of  HIV-2  isolates. 

Whether  the  biological  properties  of  HIV-2  isolates  are  similar  to  those  of  HlV-1  is  a 
particularly  important  question,  since  HIV-2  has  been  suggested  to  be  less  pathogenic 
than  HIV-1  (31,  32).  We  have  collected  13  HIV-2  isolates  in  order  to  compare  their  in 
vitro  biological  properties  to  those  of  HIV-1  isolates.  Similarly  to  HlV-1,  virus  isolated 
from  HI  V-2  infected  immuncxleficient  individuals  fulfills  the  rapidyhigh  crifena  (33,  34). 
Accordingly,  these  viruses  infect  cell  lines  and  give  nse  to  continuous  virus  replication. 
On  the  other  hand,  HI  V-2  infected  asymptomatic  indi\  iduals  carry  slow /low  type  of  HIV- 
2.  These  viruses  replicate  in  cell  lines  transiently  or  not  at  all.  Still  another  sir  ilarity  to 
HlV-1  is  that  rapid/high  type  of  HIV-2  causes  extensive  syncy  tia  formation  in  PBMC 
cultures,  whereas  slow/low  type  of  HIV-2  isolates  often  lack  this  capacity .  These 
similantics  suggest  that  in  cases  where  HIV-2  causes  di.scase,  albeit  rarely  or  with  longer 
incubation  pcricxl  than  HIV-1,  the  pathogenic  mechanisms  operating  are  similar. 

Infection  of  moncK'vte/macroDhage  cultures  bv  HIV- 1  and  HI  V-2. 

Studies  on  a  panel  of  70  HIV-1  and  12  HIV-2  isolates  have  shown  that  all  viruses  can 
infect  pnmary  cells  of  the  mononuclear  phagwyte  lineage  (35).  The  ^  iruses  were 
recoNered  from  seropositi\e  indi\  iduals  with  varying  se\erity  of  HIV  infection,  mrrst 
often  from  the  pcnpheral  bkxxi  but  also  from  cerebrospinal  lluid.  brain  tissue,  plasma, 
monocy  tes  or  CD4-I-  T  lymphcx;ytes.  E\  en  if  the  replicatnc  capacity  of  the  \  iruses 
varied,  they  all  infected  moncx’yte/macrophagcs,  regardless  of  the  patient's  clinical  stage, 
tissue  .source  of  isolate,  repeated  in  \  itro  passage  or  differences  in  biological  properties. 
We  conclude  that  dual  tropism  for  monixy  le/macrophages  and  CD4+  T  ly  mphexy  tes  is  a 
general  property  of  HIV. 

In  some  experiments,  HIV  replication  in  macrophages  can  no  longer  be  detected  one 
month  after  infection.  Virus  can,  howc^cr,  be  recovered  by  ccxullivation  with  PBMC 
(14).  The  virus  thus  recoNcred  differs  from  the  original  isolate  in  replicati\  e  and 
cytopathic  characteristics.  Our  results  demonstrate  that  HIV  can  establish  a  persistent, 
nonpnxJuctive  infection  in  moncxyte/macrophages  and,  consequently,  the.se  cells  may 
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serve  as  infectious  resrvoir  in  the  infected  individual.  Moreover,  passage  of  HIV  through 
macrophages  may  contribute  to  the  biological  diversity  of  virus  isolates. 

Biological  charactenzation  of  progeny  viruses  obtained  from  transfection  and 
cotransfection  of  molecular  cl  ones  of  a  HIV-1  i  sol  ate. 

In  order  to  study  the  molecular  determinants  underlying  the  biological  charactenstics, 
molecular  clones  were  obtained  from  a  HlV-1  isolate  with  high  replicative  capacity  (36). 

1  he  \  irus  isolate,  4803,  has  only  been  passaged  in  FBMC  prior  to  cloning.  High 
molecular  weight  DNa,  of  4803  infected  PBMC  was  restricted  with  Xba-1  and 
appropriate  size  fragments  cloned  in  the  bacteriophage  1-dash.  Seven  recombinant  phages 
were  identified.  The  clones  were  shown  to  be  highly  related  to  each  other  and  differed 
onl\’  at  1  or  2  restriction  sites  of  26  tested.  Following  transfection  by  electroporation  into 
\  anous  kinds  of  cells  the  phenotype  of  progeny  viruses  was  shown  to  depend  on  ihe  cell 
type.  Viruses  reccnered  from  PBMC  cultures  differed  from  the  parental  isolate  in  that 
they  did  not  form  syncytia  and  lacked  the  capacity  to  replicate  in  cell  lines.  Since 
transfection  of  PBMC  yielded  progeny  virus  within  one  week,  this  phenotype  is 
considered  to  be  the  true  phenotype  of  the  clones.  Transfection  into  the  T-lymphoid 
HUT-78  cell  lino  and  the  mon(x;\'toid  U937-2  cell  line  yielded  v  irus  after  considerable 
delav'  (more  than  one  month).  Progeny  viruses  from  HUT-78  cells  were  similar  to  the 
parental  isolate,  they  formed  sync\  tia  in  PBMC  and  replicated  in  all  cell  lines  tested. 
Progenv'  v  iruses  from  U937-2  cells  showed  an  intermediate  phenotype  in  that  thev 
replicated  in  U937-2  cells  but  not  in  T-lympIioid  cell  lines.  The  results  indicate  that 
molecular  clones  of  a  rapid/high  HIV- 1  isolate  may  have  restneted  rcpiicativ  e  capacitv 
compared  to  the  genetically  heterogenous  isolate.  Upevn  iniection/transfcction  of  different 
cell  types,  diversification  and  selection  may  result  in  alteration  of  the  viral  phenotype  in  a 
cell  type  dependent  manner. 

To  test  the  hypothe.sis  that  the  phenotype  of  naturally  (x;cumng  HlV-1  may  be  dependent 
on  the  interaction  of  v  ariant  v  iruscs  that  arc  prc.scnt  in  an  isolate,  cotransfection  of 
molecular  clones  with  slovv/lovv  replicative  capacity  was  carried  out  and  the  progeny 
tested  for  biological  properties  (37).  Transfection  indiv  idually  of  each  of  the  clones  12, 

13  and  82  gave  nsc  to  slovv/lovv  viruses,  whereas  progeny  recovered  from  cotranslection 
of  the  mixtures  of  these  clones  exhibited  rapid/high  phenotype.  Further  analysis  of  the 
progeny  v  irus  population  by  endpoint  dilution  revealed  recombinants  with  high  tcquency. 
In  this  study,  no  particular  biological  phenotype  could  be  linked  with  a  certain  genotype, 
further  demonstrating  the  enormous  complexity  (vf  linking  HIV  variability  to  genetic 
sequences. 
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Autologous  ncutrali/.ing  antibodies  in  HIV-1  and  HIV-2  inTection. 

Wc  ha\c  used  a  unique  autologous  system.  HIV- 1  has  been  isolated  dunng  symptomatic 
pnmary  HIV-1  infection  (38)  and  repeatedly  therealter  and  tested  against  autologous  sera 
collected  in  parallel  (6).  Isolatc-specific  low-titer  neutralizing  antibodies  developed 
within  2  -  4  s\  eeks  after  onset  of  symptoms  and  the  titers  to  the  first  isolate  increa.sed  w  ith 
time.  In  three  patients  we  could  dtx'umcnt  the  emergence  of  \  irus  variants  with  reduced 
sensito  ity  to  neutralization  by  autol  igous,  but  not  heterologous,  sera.  Recently,  we  and 
others  (39-42)  ha\e  shown  that,  in  fact,  in  the  majority  of  HIV-1  infected  individuals  (28 
out  of  40  tested)  neutralizing  antibcxly  to  simultaneously  collected  autologous  \  irus 
cannot  be  detected  (Table  lA).  Viruses  resistent  to  neutralization  by  autologous  sera  are 
not  resistant  to  neutralization  per  se,  since  they  can  be  neutralized  by  sera  from  other 
HI  V- 1  infected  individuals.  With  time  the  autologous  hosts  mount  a  neutralizing 
antibody  respon.se  to  the  newly  emerging  variants  (40,  42,  44),  since  sera  collected  10- 14 
months  after  virus  isolation  contain  neutralizing  activity  in  10  out  of  12  cases  (Table  IB). 
The  results  suggest  a  mechanism  by  which  the  new  \irus  \  ariants  c\  ade  detection  bv  the 
immune  system. 

We  ha\e  also  in\cstigated  the  capacity  of  .sera  from  nine  HIV-2  infected  individuals  to 
neutralize  autologous  \  irus  isolated  simultaneously  with  the  serum  sample  (45).  All  nine 
HIV-2  infected  indi\  iduals  neutralized  autologous  virus  with  titers  ranging  between  20 
and  320.  This  is  in  contrast  to  HI  V- 1  infection,  where  mo.st  individuals  lack  such 
antib(x]ics.  The  difference  in  neutralizing  antibtxly  prevalence  may  explain  the  more 
rapid  progression  in  HlV-1  than  in  HlV-2  infectii^n. 

BioUrtzical  and  antiuenic  \  anation  of  SI  V«;m  and  HlV-2  in  experimentalh  imvulatcd 
macaques. 

It  has  been  demonstrated  pre\  lously  that  changes  (Kcur  in  the  nucIciHidc  comfxisition  of 
SI  Vmac  molecular  clones  inoculated  to  macaques  (46),  whereas  inoculation  of  a 
nonpathogemc  HIV-2  molecular  clone  (ISY)  displays  \cr\’  limited  heterogeneity  (47). 

The  nucleotide  changes  in  SI  V  imKulated  animals  preempted  changes  in  biological  and 
antigenic  properties  of  \  iruses  m  vino.  Indeed,  sequential  i.solates  obtained  from  SI  Vsm 
miected  macaques  (8)  differ  in  biological  and  antigenic  characten sties  both  from  the 
incKulum  virus  and  from  each  other  (43).  The  changes  in  replicative  capacity  and 
cytopathogenicity  of  iniKulum  \  irus  and  reisolates  arc  illu.stratcd  in  Table  2.  In  the 
nonpathogemc  HI  V-2  infection  of  macaques  (7)  no  phenotypic  changes  <x:cur  over  time 
(Zhang  ct  al.  unpublished).  This  is  in  line  w  ith  earlier  obsersations  of  Castro  et  al.  (48) 
who  used  scNcral  HIV-2  strains  for  incx’ulation  of  batxxms  and  macaques  and  found  \cr\ 
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little  or  no  host  range  differences  between  inoculum  virus  and  reisolates  in  animals  with 
asymptomatic  infection. 

Antigenic  \  ariation  in  SI  Vsm  infection  of  macaques  is  reflected  by  the  emergence  of 
variant  viruses  resistent  to  neutralization  by  the  monkeys  own  serum  (43).  The 
neutralizing  antibody  resptmse  of  monkeys  that  succumbed  with  immunodeficiency 
w  ithin  18  months,  if  at  all  present,  remained  isolate-specific  and  decayed  over  time.  Two 
long  sur\  i\  or  monkeys  developed  neutralizing  antibody  response  to  a  second  and  third 
reisolate,  respecti\ely,  as  well  as  to  eight  reisolates  obtained  from  three  other  monkeys. 
Thus  the  neutralizing  antibcxly  response  of  the  long  survivor  showed  a  relatively  broad 
specificity  one  year  postinfection.  In  contrast,  in  the  nonpathogenic  HIV-2  infection 
monkeys  from  which  virus  could  be  reisolated  developed  antibodies  that  neutralised  the 
inoculum  \  irus  and  all  rcisolates  w'ith  equal  efficiency  (Zhang  et  al.  unpublished). 

Taken  together,  the  pattern  of  virus  neutralization  in  SIV  infected  monkeys  is  thus  similar 
to  HIV-1  infected  humans.  In  both  cases,  variant  viruses  resistent  to  neutralization  by 
autologous  sera  emerge  during  the  entire  course  of  infection.  The  ability  to  produce 
neutrali/jng  antibcxlics  to  autologous  virus  appears  to  correlate  with  the  degree  of 
immuncxieficicncy  in  the  host.  In  line  with  this,  the  genetic,  biologic  and  antigenic 
\anation  of  HIV-2  in  infected  macaques  with  no  disease  seems  to  be  minimal.  The 
animal  mcxlcl  system  thus  seems  to  teach  us  that  pathogenesis  and  variability  arc  closely 
linked  Mral  properties. 

Establishment  of  a  simple,  .scn.silivc  and  .specific  polymerase  chain  reaction  (PCR) 
proUK’ol  for  the  detection  of  HlV-1  in  PBMC  of  infected  individuals. 

In  this  test  protcx;oI  (25)  we  amplify  crude  cell  lysates  in  a  two-step  PCR,  first  with  outer 
pnmers  then  with  inner  pnmers,  nested  within  the  first  and  the  PCR  product  is  \  isualized 
by  agarose  gel  electrophoresis  and  cthidium  bromide  staining.  The  samples  arc  analyzed 
with  three  (or  four)  sets  of  nested  primers  designed  to  amplify  HIV-1  gag,  pol  and  env 
gp41  (and  cn\  gpl2())  sequences,  respectively.  We  were  able  to  amplify  HIV-1 
sequences  in  all  samples  from  90  HIV-1  seropositive  individuals  with  mostly  mild 
symptoms.  Samples  from  26  healthy  bkxxl  donors  as  well  as  cells  infected  in  vitro  with 
HIV-2  and  HTLV-I  were  negative  in  PCR,  thus  demonstrating  the  specificity  of  the 
amplification.  Since  this  technique  avoids  conventional  DNA  extraction  as  well  as 
hybridization  for  the  detection  of  the  PCR  pnxJucl  it  may  be  widely  used  in  clinical 
%  irology  practice.  Moreover,  the  use  of  a  pnmer  set  spanning  the  V3  region  of  the 
envelope  gpl20  protein  (vanablc  region  3,  al.so called  the  immunodominant  kxip) 
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allowed  us  to  specifically  study  this  region  in  neutralization  resistant  HI  V-1  \  anants 
(desenbed  in  the  followings  and  in  ref.  26). 

Within  the  frame  of  studies  on  pediatric  HIV  infection  we  have  examined  the  presence  of 
HIV-1  sequences  in  altogetherl65  blood  samples  from  47  HlV-1  antibody  positive 
mothers  and  87  children  born  to  HIV-1  antibody  positive  mothers.  Early  and  reliable 
diagnosis  of  HIV  infection  in  children  is  a  particularly  important  issue.  We  were  able  to 
amplify  HIV-1  sequences  in  samples  from  all  mothers  and  all  children  found  to  be  HIV-1 
scropt\siti\e  or  showing  clinical  signs  of  immunodeficiency  (49).  Seronegative  children 
or  those  without  clinical  signs  of  HI  V-1  infection  (91  samples  of  76  children)  were  also 
PCR  ncgati\  e. 

Attempts  to  map  virus  neutralizing  epitopes  in  the  HIV-1  envelope. 

Synthetic  peptides. 

Four  major  sites  in\olved  in  neutralization  were  identified  by  use  of  a  panel  of  80  HIV- 1 
antibexly  positive  human  sera  (50).  A  correlation  between  high  neutralization  of  a  certain 
virus  strain  and  strong  reactivity  with  a  selected  homologous  peptide  suggested  that  the 
corresponding  region  might  be  in\olved  in  virus  neutraliziition.  In  order  to  substantiate 
the  role  of  a  certain  region  in  neutralization,  peptides  were  used  to  bkxk  the  neutralizjng 
acti\  ity  of  selected  sera.  Four  sites  were  identified,  two  sites  on  each  of  the  cn\  elope 
glycoproteins.  In  gpl20  one  was  the  V3  domain  and  the  other  was  the  carboxyl  terminal 
end,  amino  acids  489-508.  The  latter  site  is  conserved  and  was  pre\  iously  reported  to  be 
highly  antigenic  (51).  Our  results  show  that  this  site  reacts  with  neutralizing  antibcxiies. 
The  gp41  sites  encompass  the  previously  identified,  presumably  intracellular,  region  of 
this  molecule  (amino  acids  732-746)  and  in  addition  a  previously  unrecognized, 
consened  site  with  an  external  membrane  position,  amino  acids  647-671.  The  results 
indicate  that  this  consened  epitope  of  the  HIV-1  cnvclofx;  ciiciLs  a  virus  neutralizjng 
antilxxJ)  respon.se  during  natural  infection  in  humans  and  ma\  therefore  be  considered 
for  inclusion  in  a  vaccine  again.st  HIV-1. 

Direct  DNA  sequencing. 

As  a  continuationof  studies  on  autologous  neutralization,  we  ha\  e  luialyzed  the  V3  region 
of  the  envelope  gpl2()  protein  (also  called  the  immuntxlominant  Icxip)  of  neutralization 
sensitive  and  resistant  HI  V-1  vananLs,  using  amplification  by  the  polymerase  chain 
reaction  (PCR)  followed  by  direct  nucleic  acid  sequencing.  The  use  of  a  primer  set 
spanning  the  V3  region  of  the  gpl20  portion  of  the  envelope  (25)  allowed  us  to 
specifically  study  this  region  (nl  7137-7572)  by  use  of  a  direct  solid  phase  DNA 
sequencing  technique  (26).  The  results  show  that  in  three  of  four  individuals  tested. 
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nucleic  acid  sequence  of  the  envelope  V3  region  of  variant  vinises  is  identical  to  the  V3 
region  of  the  first,  neutralization  sensitive  isolate.  In  the  fourth  individual  three  point 
mutations  were  present  in  the  V3  region  1 18  weeks  after  the  onset  of  primarv’  HIV-1 
infection.  The  indiv  idual  was  asymptomatic  at  the  time  of  the  collection  of  this  last 
isolate.  The  results  indicate  that  resistance  to  neutralization  by  autologous  antibody  may 
arise  from  changes  outside  the  V3  region.  For  a  more  detailed  mapping  of  neutralizing 
epitofjes  within  the  envelope,  we  proceed  to  determine  the  entire  nucleotide  sequence  of 
the  env  elopx. 

Recombinant  human  Fab  fragments  neutralize  HIV-1. 

A  panel  of  20  recombinant  Fab  fragments  reacting  with  the  surface  glycoprotein  of  HlV-1 
were  examined  for  their  ability  to  neutralize  MN  and  IIIB  strains  of  HIV-1  (52). 
Neutraliz.ation  was  determined  as  the  ability  of  Fabs  to  inhibit  infection  as  measured  in 
both  p24  ELISA  and  syncytia  assays.  One  group  of  closely  sequence  related  Fabs  was 
found  to  neutralize  virus  in  both  assays  at  Ipg/ml.  The  results  imply  that  virion 
aggregation  or  cross-linking  of  gpl20  molecules  on  the  virion  surface  are  not  an  absolute 
requirement  for  HIV- 1  neutralization.  Furthermore,  all  of  the  Fabs  were  shown  to  be 
competitive  with  soluble  CD4  for  binding  to  gpl20  and  yet  few  neutralized  effectiv  ely, 
implying  that  the  mechanism  of  neutralization  in  this  case  does  not  involve  receptor 
bkxking.  The  preponderance  of  high  affinity  Fabs  with  poor  or  no  neutralizing  ability 
may  have  implications  for  vaccine  strategies. 

Studies  on  antmenic  and  immunogenic  sites  of  HI  V-2  glycoproteins. 

Twenty  five  peptides  representing  different  regions  in  the  HIV-2SBL6669  (clone  Isy  in 
Meyr's  et  al.  Human  retrov  iruses  data  base)  envelope  proteins  were  synthesized.  The 
peptides  were  selected  to  represent  regions  which  in  HIV-1  had  been  documented  to  be  of 
antigenic  or  immunogenic  importance.  Evaluation  of  the  antigenic  activity  of  the  HIV-2 
env  peptides  demonstrated  a  dominating  activity  in  four  different  regions  (53).  These 
were  1 )  the  V3  region  and  an  adjacent  (carboxy  terminal)  amino  acid  stretch  located  in  the 
carboxy  terminal  half  of  the  external  glycoprotein,  2)  the  extreme  carbo.xy  terminal  end  of 
gpl20,  3)  a  uniquely  antigenic  site  in  the  ammo  terminal  part  of  the  transmembrane 
glycoprotein  and  4)  a  preferentially  HIV-2  antigenic  site  located  further  about  50  amino 
acids  towards  the  carboxy  terminal  of  the  latter  site. 

In  order  to  charactenze  the  immunogenic  activity  of  peptides,  guinea  pigs  were 
immunized  with  KLH-coupled  material.  Antisera  showed  high  ELISA  titers  in  tests  with 
homologous  peptide  antigen  and  reacted  in  about  65%  of  cases  with  intact  protein  as 
determined  in  whole  antigen  ELISA  and  Western  blot  studies.  All  sera  were  tested  for 
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their  capacity  to  neutralize  and  to  mediate  ADCC  with  the  homologous  virus.  Se\  en 
peptides  representing  five  different  regions  elicited  virus  neutralizing  antibody  activity. 
The  highest  titer  was  seen  with  sera  against  two  overlapping  peptides  representing  the 
carbo.xy  terminal  part  of  the  V3  kxjp.  High  neutralizing  activity  was  also  found  in  sera 
against  peptide  Ala*  *^-Cys*37_  Thi^^-Gly-^O^  (with  weaker  activity  in  sera  against  an 
overlapping  peptide)  and  His^*‘^-Glu^-^.  Several  anti-peptide  sera  showed  ADCC 
activ  ity  but  in  only  one  case  did  this  activ  ity  occur  concomittantly  with  a  neutralizing 
activ  ity  (in  one  of  the  V3-specific  sera).  Significant  ADCC  activ  ity  was  also  found  in 
sera  against  peptides  Glu-^*  -Ser^ '  *  and  Arg'^-Phe'^* . 


A  complete  mapping  ol  antigenic  linear  epitopes  along  the  gpl25  env  elope  privtein  has 
demonstrated  that  90%  ol  HlV-2  antibtxly  positive  human  sera  (3 1  tested)  react  with 
peptides  corresponding  to  the  V3  region  of  HlV-2  (54).  This  region  is  thus 
immunogenic  m  humans. 

Next,  we  wanted  to  see  whether  the  V3  region  carries  brmdly  neutralizing  epitopes.  We 
assaved  the  capacity  of  guinea  pig  sera  raised  agaimst  HIV-2  envelope  peptides  to  mediate 
cross-neutralization  of  ten  West  African  HIV-2  isolates  (55).  Antibxxiics  to  the  HI  V-2  V3 
region  cross-neutralized  nine  of  the  ten  isolates  tested,  with  titers  ranging  between  160- 
640.  The  neutralizing  epitope(s)  responsible  for  the  high-titre  broad  cross-neutralizing 
activ  ity  was  further  anal v zed  and  show  n  to  correspond  to  the  central  and  C-lcrminal 
portion  ol'  the  V3  region.  Using  these  peptides,  the  ncutrali/ang  activ  ity  of  human  HI  V-2 
antibexly  positive  sera  could  be  bkxked.  Two  deletion  sets  of  peptides,  spanning 
between  aa  Ser^  *  *  and  Arg^^^,  w  ere  synthesized  in  order  to  identifv-  the  role  of 
individual  HIV-2  V3  amino  acids  in  the  binding  of  human  polyclonal  and  ncuiralizjng 
mouse  montKlonal  antibvxlies.  Two  distinct  antigenic  sites  were  identified  in  this  region, 
the  first  corresponding  to  the  conserv  ed  motif  Phe-Hys-Scr  (aa  315-317),  and  the  second 
in  proximity  of  the  C-terminal  cysteine  (Trp-Cys-Arg,  aa  329-331).  The  rcsulLs  indicate 
that  V3  is  an  important  neutralizing  domain  of  HI  V-2  env  elope.  One  moncx'lonal 
antibvxly  showed  dependence  on  both  sites,  signifying  that  they  can  interact  to  represent  a 
kxal  discontinuous  antigenic  site. 

Identilication  cvf  four  anti  acme  sites  in  the  envelope  proteins  of  SlVsm  rccotmizcd  b\ 
macaque  sera. 

Thirty  eight  overlapping  peptides  were  synthesized  and  used  in  sitc-dircctcd  ELISA  with 
sera  from  experimentally  SI  Vsm  infected  macaques  (56).  Four  antibexly-binding  regions 
were  identified,  corresponding  to  the  second  variable  region  (V2;  aa  170-196),  the  region 
homologous  to  V3  in  HIV-1  (aa  3 13-346),  the  carboxy  terminus  of  the  major  glyco- 
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protein  (aa  514-537)  and  the  ammo  terminus  of  the  iransmcmbrane  protein  (aa  608-638). 
The  location  of  antigenic  sites  in  the  en\  elope  proteins  of  SI  V  shows  much  resemblance 
to  that  of  HI  V- 1  and  HI  V-2.  Moreover,  scrum  reactivity  to  the  V2  region  was  higher  in 
long-term  surv  i\ or  monkeys  than  in  animals  with  a  relatively  early  development  of  simian 
AIDS,  suggesting  an  ass<x:iation  between  antilxxly  reactivity  to  this  region  and  disease 
progression. 

Studies  (m  mothcr-to-child  transmission  of  HlV-1. 

Ncutrali/inu  antibcxiics. 

A  pertinent  question  is  whether  neutrali/jng  antilxxiies  protect  children  bt>m  to  HlV-1 
infected  mothers  Iron  becoming  infected.  Neutralizing  antilxxiies  in  serum  of  HIV- 1 
infected  mothers  were  tested  against  primary  HIV-1  isolates  obtained  from  the  same 
study  group  (41).  The  results  show  that  non-transmitting  mothers  more  frequently  ha\c 
neutralizing  antilxxiies  against  their  own  virus  (called  autologous  virus)  than  transmitting 
mothers.  In  addition,  all  mothers  with  autologous  neutralizing  antilxxiies  also  neutralised 
at  least  two  heterologous  primary  isolates.  This  suggests  that  broad  neutralization  of 
primary  isolates  (i  c  cross-rcacti\c  antilxxiies)  may  protect  against  mother-to-child 
transmission  of  HIV-1.  The  possibility  of  preventive  measures  by  passive  transfer  of 
antibrxiics  should  be  explored. 

Molecular  studies. 

We  ha\c  compared  the  V3  sequences  from  ten  HIV-1  infected  infants  to  \  irus  sequences 
of  the  corresponding  mothers  (57).  The  infected  infants,  in  contrast  to  the  mothers, 
harboured  homogenous  \  irus  populations.  Comparison  of  sequences  from  the  children 
and  clones  dcn\  cd  from  DNA  of  the  corresponding  mothers  showed  that  the  transmitted 
virus  represented  cither  a  minor  or  a  major  virus  population  of  the  mother.  In  contrast  to 
an  earlier  study  ( 13)  we  found  no  c\  idcncc  of  selection  of  minor  virus  variants  during 
transmission.  Furthermore,  the  transmitted  virus  variant  did  not  show  any  characteristic 
molecular  features. 

CONCLUSIONS 

The  biologic  properties  of  HI  V- 1  and  HI  V-2  arc  similar  and  correspond  to  the  sc\  cnty  of 
the  infection.  In  both  ca,scs,  virus  with  slow/low  replicative  capacity  is  isolated  from 
indi\  iduals  with  normal  levels  of  CD4  cells  in  bkxxl  and,  conversely,  virus  with 
rapid/high  replicati\c  capacity  is  obtained  from  severely  immuncxleficient  patients.  All 
HI  V-2  isolates  tested,  like  those  of  HIV-1,  infect  and  replicate  in  fresh  montx:yte/macro- 
phage  cultures.  Mon(x;ytc  tropism  seems  to  be  a  general  property  of  HIV  isolates.  The 
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results  indicate  that  the  pathogenic  mechanisms  operating  in  HIV-1  and  HIV-2  infection 
are  similar.  Still,  the  pathogenic  process  appears  to  be  more  prolonged  in  HlV-2  than  in 
HIV- 1  infected  individuals.  As  demonstrated  by  our  recent  results,  neutralizing  anti- 
bcxlies  to  autologous  \  irus  are  regularly  present  in  HlV-2  infection  and  neutralizing 
antibodies  show  e\tensi\e  cross-reacth  ity  between  isolates.  Conceivably,  effective  v  irus 
neutralization  may  contribute  to  the  delay  of  the  pathogenic  process  in  HI  V-2  infection. 

Monexv  te/macrophages  may  have  an  impact  on  virus  variability,  since  viruses  rescued 
from  silently  infected  monocyte/macrophages  have  different  biologic  properties  than  the 
infecting  virus.  The  notion  that  the  cell  type  is  important  in  determining  the  biological 
properties  of  HIV  has  been  substantiated  and  further  extended  in  expenments  using 
molecular  clones  of  an  HIV- 1  isolate.  The  results  show  that  transfection  into  different 
cell  types  alters  the  viral  phenotype  in  a  cell  type  dependent  manner.  Further  alteration  of 
v  iral  phenotype  may  cx'cur  through  recombination  or  complementation  of  the  quasi- 
species  present  in  one  indiv  idual,  as  recently  demonstrated  by  our  in  v  iiro  mixicl 
expenments  using  molecular  clones. 

Autologous  neutralizing  antibexly  response  in  HlV-1  infection  is  concomitant  with 
sercx'onv  ersion  and  shows  isolate-spcctficity.  Neutralizing  antibodies  seem  to  have  a  role 
in  cleanng  the  initial  viremia  since  as  the  antibodies  appear  v  iremia  disappears. 

Hovvev  er,  v  irus  isolated  a  few  months  later  cannot  be  neutralized  b\  the  antihnxlies 
present  in  the  patients  serum  indicating  the  emergence  of  neutralization  resistant  variants. 
In  fact,  our  extended  work  as  well  as  results  from  other  groups  emphasize  that  the  lack  of 
neutralizing  anlihxxlies  to  autologous  virus  in  HIV-1  infected  indiv  iduals  is  a  general 
phenomenon.  The  results  obtained  in  SI  Vsm  infected  macaques  giv  e  further  support  to 
the  notion  that  ability  of  the  host  to  produce  neutralizing  anlitibcxlics  against  several 
autologous  and  heterogous  v  iral  vanants  is  assixriated  with  longer  sun  ival.  In  line  with 
this,  in  the  nonpathogenic  HI  V-2  infection  of  macaques,  emergence  of  neutralization 
resistenl  v  irus  variants  could  not  be  demonstrated.  Sera  of  HIV-2  (SBL6669)  infected 
monkeys  not  only  neutralize  autologous  and  heterologous  reisolates,  but  also  sev  eral 
other  HIV-2  isolates  from  humans,  indicating  brviad  neutralizing  antibexly  response. 

Efforts  to  kxaliz.e  the  change  leading  to  neutralization  resistance  in  the  HlV-1  envelope 
hav  e  show  n  that  the  ammo  acid  sequence  of  V3  region  may  (one  of  four  tested)  or  mav 
not  change  in  vanant  viruses.  Pairs  of  ncuirali/ation  susceptiblc/rcsistent  v  ariants  of 
SI  Vsm  not  differ  in  sequence  of  a  region  corresponding  to  V3  in  HI  V- 1 . 
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For  the  first  time,  immunogenic  regions  in  the  HIV-2  envelope  could  be  mapped  using 
synthetic  peptides  and  guinea  pig  antisera.  An  envelope  region  corresponding  to  the  V3 
kxip  in  HI  V- 1 ,  ga\  e  high-titre  neutrali/jng  and  ADCC-mediating  antibodies.  This  region 
was  also  recogni/.ed  by  HIV-2  infected  human  sera  Antibodies  raised  in  guinea  pigs  to 
peptides  corresponding  to  the  central  and  C-terminal  part  of  the  V3  loop  were  broadly 
cross-ncutrali/ing  many  HIV-2  isolates.  Our  results  show  that  the  extent  of  cross- 
reacti\  ity  among  HI  V-2  isolates  in  this  region  of  the  envelope  is  great,  probably  greater 
than  among  HlV-1  isolates.  E\aluation  of  the  humoral  immunity  in  the  HIV-2  model 
may  therefore  be  important  for  vaccine  de\elopment.  Successful  passive  immune 
profyla.\is  was  already  reported.  Based  on  these  results  attempts  will  be  made  to  bcx)st 
c\  nomolgus  macaque  monkevs,  which  ha\c  received  primary  immunization  with  whole 
\  irus  or  envelope  proteins,  with  single  HIV-2  or  SIVsm  peptides  or  pools  of  them.  The 
identification  of  a  unique  HIV-2  V3-ass(x;iatcd  local  discontinuous  immunogenic  site  will 
be  of  considerable  \  alue  in  this  endavour.  The  development  of  neutralizing  antibodies 
and  the  susceptibility  to  challenge  of  animals  with  homologous  virus  w  ill  be  determined. 

Our  present  concepts  on  pathogenic  mechanisms  operating  in  HIV  infection  have  been 
put  fonv  ard  in  rc\  lew  articles  (refs.  4  &  5).  In  short,  the  initial  phase  of  virus  replication 
in  the  infected  indi\  idual  may  prtxiuce  a  wealth  of  variant  viruses,  in  part  by  virtue  iT 
replication  and  in  part  by  replication  in  different  cell  types.  In  the  followings,  low  lc\cl 
replication  of  \anant  \  iruses  esading  the  immune  system  may  continue.  Virus  may 
escape  immune  detection  through  ccll-to-cell  spread,  forex,  from  antigen-presenting 
macrophages  to  T  h  mphtx:yte.s,  or  by  emergence  of  antigenic  escape  mutants,  or  both. 
Slow  ly  replicating  \  iruses  may  therefore  continue  to  act  on  cells  of  the  immune  system  in 
a  \  anets  of  w  ays.  Whenever  \  irus  replication  is  slower,  fewer  variants  will  be 
produced.  The  immune  system  may  be  able  to  belter  hold  in  check  a  relatively  limited 
number  of  \  ananLs,  slowing  dow  n  the  pathogenic  process.  In  this  respect,  neutralizing 
antibxxlics  (and  other  immune  delence  mechanisms)  would  have  an  important  role  in 
delaying  onset  of  clinical  symptoms  and  mitigate  the  severity  of  infection.  In  addition, 
ncutrali/jng  antitnxlics  may  ha\  c  a  protective  role  in  moiher-to-child  transmission  of 
HlV-1. 
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Table  1.  -  Autologous  neutralizing  activity  in  HIV-I  infected  humans  and 


SIVsm  infected  macaques. 

A)  Simultaneous  samples:  serum/virus  isolate 


Neutralizing  antibody 

_  Reference 

absent* 

present 

HIV-1  PHI/human** 

0 

4 

Albert  etal.  1990  (6) 

HIV-1/human 

14 

2 

Homsy  et  al.  1990  (39) 

2 

2 

von  Gegerfelt  et  al.  1991  (40) 

1 1 

7 

Scarlatti  et  al.  1992  (41) 

1 

1 

Arendrup  et  al.  1992  (42) 

SIVsm/nnonkey 

7 

0 

Zhang  et  al.  manuscript  (43) 

B)  Sequential  samples:  serum  collected  >6  months  after  virus  isolation 


- 

Neutralizing  antibody 

Reference 

none* 

appearing/ 

increasing 

HIV-1  PHI/human** 

0 

4 

Albert  et  al.  1990  (6) 

0 

3 

Arendrup  et  al.  1992  (42) 

HIV-1/human 

0 

1 

Tremblay  &  Wainberg  1990  (44) 

2 

2 

von  Gegerfelt  et  al.  1991  (40) 

0 

2 

Arendrup  et  al.  1992  (42) 

SIVsm/iTionkey 

3 

4 

Zhang  et  al.  manuscript  (43) 

'Antibody  titer  <20  "PHI:  primary  HIV  infection 


16 


Table  2.  -  Biological  properties  of  SIVsm  and  HIV-2SBL6669  inoculum 
viruses  and  reisolates  from  cynomolgus  macaques. 


Inoculum  virus  No.  of  animals  Reisolates  >4  months  PI 


Replication 

CPE** 

Replication 

CPE* 

in  cell  lines* 

in  cell  lines* 

SlVsm 

yes 

++ 

4 

no 

-/± 

2 

no 

-I-I-+ 

HIV-2SBL6669 

yes 

+ 

6 

yes 

+ 

•Replication  in  human  cell  lines.  Jurkat,  Hut-78  and  U937  clone  2. 

“Syncytia  induction  in  human  PBMC.  +-r+,  50%  of  cells  involved  in  syncytia 
formation,  large  syncytia  in  every  field;  ++,  10%  of  cells  involved  in  syncytia 
formation,  large  syncytia  rare;  +,  occasional  syncytial  cells;  no  syncytia 
observed. 
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In  the  August  1992  issue  of  AIDS  Research  and  Human  Retroviruses  Burns 
and  Desrosiers  warned  against  using  core  antigen  ELISA  for  evaluation  of 
HIV  and  SIV  neutralization  assays  (1).  The  authors  show  that  some  sera 
contain  anti-gag  antibodies  which  may  interfere  with  the  antigen  detection. 
Such  sera  may  give  false  positive  neutralization  results  unless  the  anti-gag 
antibodies  are  first  removed  by  proper  washing  procedures.  Burns  and 
Desrosiers  indirectly  imply  that  earlier  findings  published  by  our  group  may 
have  been  influenced  by  such  interfering  anti-gag  antibodies.  Therefore,  we 
have  critically  re-examined  our  methods  and  we  show  here  that  anti-gag 
antibodies  are  unlikely  to  have  influenced  our  results. 

Our  neutralization  assays  have  been  described  in  detail  elsewhere.  Briefly. 
75|.il  of  diluted  serum  (six  five-fold  dilutions  starting  with  a  lowest  dilution  of 
1:10)  and  75pl  of  diluted  virus  were  mixed  (2,3).  After  a  Ih  incubation  at 
37°C  100  000  blood  donor  peripheral  blood  mononuclear  cells  (PBMC)  in 
75|.il  of  medium  were  added.  In  earlier  published  experiments  either  ISOpl  (2) 
or  lOOpl  (3)  of  the  culture  medium  was  removed  on  each  of  the  following 
three  days.  This  resulted  in  final  serum  dilutions  of  at  least  1:3750  and  1:180, 
respectively.  In  more  recent  unpublished  experiments  the  culture  medium  has 
been  removed  by  centrifugation  on  days  one  and  three.  Each  centrifugation 
removes  at  least  210|.il  of  medium  which  results  in  a  final  serum  dilution 
factor  of  at  least  1:6750.  It  should  be  noted  that  Burns  and  Desrosiers  did  not 
include  any  washes  in  their  experiments. 

In  a  first  set  of  experiments  we  examined  if  anti-gag  antibodies  are  capable 
of  interfering  with  the  in-house  antigen  ELISAs  we  use  for  the  detection  of 
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HIV-1  (4)  and  HIV-2/SIV  (5).  These  experiments  were  also  designed  to 
investigate  how  efficient  the  three  different  washing  methods  are  in  removing 
such  interfering  antibodies.  Sera  with  high  titer  anti-gag  antibodies  were 
selected  and  tested  according  to  the  method  described  by  Burns  and 
Desrosiers  (figure  1).  These  experiments  showed  that  anti-gag  antibodies  may 
interfere  with  both  the  HIV-1  antigen  ELISA  and  with  the  HIV-2/SIV  antigen 
ELISA.  Removal  of  100|.il  on  three  occasions  was  not  sufficient  to  abolish  the 
interfering  activity.  However,  washing  by  centrifugation  two  times  in  the  HIV- 
1  assay  and  and  centrifugation  once  +  removal  of  lOOpl  medium  on  two 
occasions  (dilution  fatcor  1:1720)  in  the  HIV-2/SIV  assay  was  sufficient  to 
effectively  remove  interfering  antibodies  from  one  HIV-1  and  two  SIV 
antibody  positive  sera.  Interfering  activity  could  not  be  completely  abolished 
from  the  HIV-1  serum  B  which  contained  extremely  high  anti-gag  titer, 
representing  less  than  10%  of  HIV-1  positive  sera  (6).  Tests  of  removal  of  180 
pi  medium  three  times  are  under  way. 

Next,  we  investigated  if  the  neutralizing  titer  of  sera  with  and  without  anti-gag 
antibodies  was  influenced  by  the  method  used  for  washing.  Table  1  and  2 
show  that  the  there  was  no  evidence  of  false-positive  neutralization  with  the 
least  effective  washing  procedure  (removal  of  lOOpl  x  3),  not  even  in  sera  with 
high  titer  anti-gag  activity.  Thus,  the  neutralization  results  appeared  to  be 
unaffected  although  the  anti-gag  antibodies  were  not  completely  removed. 

Last,  in  our  previous  and  ongoing  studies  we  have  focused  on  the  emergence 
of  neutralization  resistant  virus  variants  in  humans  and  in  experimentally 
infected  monkeys.  Thus,  we  have  repeatedly  documented  that  sera  which 
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neutralize  early  autologous  isolates  frequently  fail  to  neutralize  later  isolates. 
These  differences  in  ability  of  individual  sera  to  neutralize  different  virus 
isolates  can  not  be  due  to  anti-gag  antibodies,  since  such  interference  would 
not  be  strain-specific.  It  is  strange  that  Burns  and  Desrosiers  has  illustrated 
the  importance  of  anti-gag  antibodies  by  showing  that  sequential  sera  from 
one  monkey,  which  lacked  anti-gag  antibodies.  This  monkey  showed  different 
ability  to  neutralize  autologous  virus  isolates.  Thus,  a  serum  obtained  102 
weeks  postinfection  showed  a  neutralizing  titer  of  1:320  against  the  inoculated 
strain  (SIVmac239),  whereas  the  titer  to  a  subsequent  isolate  was  as  low  as 
1:20.  These  strain-specific  differences  are  not  likely  to  be  due  to  interference 
by  anti-gag  antibodies. 

In  summary,  we  have  confirmed  that  anti-gag  antibodies  may  interfere  with 
the  core  antigen  ELISAs  which  are  commonly  used  to  evaluate  HIV  and  SIV 
neutralization  assays.  However,  these  antibodies  can  almost  always  be 
removed  by  proper  washing  procedures.  Thus,  we  show  that  anti-gag 
antibodies  can  be  removed  from  most  .sera  by  washing  procedures  that  give 
at  least  an  l;h000  dilution  of  the  serum  (i.e.  two  cycles  of  centrifugation  of 
microtiter  plates).  Furthermore,  even  if  interfering  antibodies  may  be  detected 
in  specially  designed  interference  assays  this  does  not  mean  that  anti-gag 
antibodies  will  affect  the  neutralization  assay.  In  conclusion,  the  use  of 
antigen  detection  is  a  safe,  efficient  and  rapid  method  for  determining 
neutralizing  antibody  titers  in  sera  of  HIV  infected  individuals  and  SIV 
infected  monkeys. 
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Figure  1.  Capacity  of  selected  sera,  with  high  titer  anti-gag  antibodies,  to 
interfere  with  core  antigen  detection  by  ELISA.  The  assays  were 
performed  according  to  Burns  and  Desrosiers  (1),  with  minor 
modifications.  75  pi  of  each  serum  dilution  was  mixed  with  100  000 
PBMC  in  150  pi  volume  in  96-well  plates.  Starting  on  day  one  the  plates 
were  washed  according  to  the  following  protocol.  HIV- 1;  Cx2,  wash  by 
centrifugation  on  day  1  and  3;  Mx3,  change  of  lOOpl  medium  on  day  1.2, 
and  3.  SIV:  wash  by  centrifugation  on  day  1,  followed  by  change  of  lOOpl 
medium  on  day  2  and  3.  Supernatants  were  harvested  on  day  1  before  the 
first  medium  change  and  on  day  3  after  the  last  medium  change.  The 
ability  of  the  supernatants  to  interfere  with  the  detection  was  then 
investigated.  Known  amounts  of  core  antigen  (1  ng/ml)  was  added  to  the 
supernatants,  which  were  then  tested  by  HIV-1  (4)  or  HIV-2/SIV  (5) 
antigen  ELISAs.  Serum  A  and  B  were  obtained  from  HIV-1  seropositive 
asymptomatic  individuals  who  tested  strongly  positive  for  anti-gag 
antibodies  (Abbott  core  ElA)  (table  1).  Serum  M10:8  and  H28;8  were 
obtained  from  two  cynomolgus  monkeys  225  and  125  days,  respectively, 
after  experimental  infection  with  SlVsm  (7).  Both  monkey  sera  had  an 
anti-gag  titer  of  1:1000  when  tested  in  ELISA  utilizing  recombinant  SIV 
gag  protein  as  antigen. 
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Table  1 .  -  The  washing  procedure  has  no  effect  on  vims  neutralization  titer 
of  HlV-1  sera  with  varying  anti-gag  antibody  content. 


Serum 

anti-gag 

activity 

ratio* 

ID-50  used 

Number  of 

tests 

Neutralizing  titer 

washing  by 

2  cycles  of 

centrifugation 

** 

medium 

change 

lOOpI  x3 

**« 

A 

32 

75 

2 

<20 

20 

B 

74 

50 

2 

<20 

<20 

C 

37 

50 

2 

20 

<20 

D 

<1 

10 

1 

160 

40 

E 

<1 

50 

1 

<20 

<20 

10 

1 

<20 

<20 

'Abbott  core  EIA;  ratio  =  5bS.Qrf33PCg  vglyg  of  gyt  off 

absorbance  value  of  sample 

"Used  by  Scarlatti  et  al.  unpublished.  '"Used  by  von  Gegerfelt  et  at.  1991. 


Table  2.  -  The  washing  procedure  has  no  effect  on  virus  neutralization  titer 
of  Hl\/-2  sera  with  varying  anti-gag  antibody  content. 


serum 

anti-gag 

antibody 

in  serum’ 

anti-gag  antibody  in 

supernatant 

virus  neutralizing  'iter  of 

serum 

washing  by  3 

medium 

washing  by  3 

medium 

cycles  of 

change 

cycles  of 

change 

centrifugation 

150  ^ilx3 

centrifugation 

150  ^1  x3 

A2 

0.853 

0.003 

0.032 

40 

40 

B2 

3.000 

0.077 

0.667 

80 

80 

’Absorbance  value  of  a  1  ;100  dilution  of  serum  tested  against  recombinant 
HlV-2  gag  protein  in  ELISA. 

’’Used  by  Bjdrling  et  al.  unpublished. 


